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abstract 


Mean  aerologlcal  data  for  Saigon  during  July  1966  and  I96T 
and  for  Udorn  In  19&7  are  presented  and  compared  with  similar 
data  for  tropical  maritime  regions.  The  comparison  indicates 
that  level  for  level  the  atmosphere  over  Southeast  Asia  has 
greater  humidity  and  higher  static  energy.  Comparison  of  dew¬ 
point  profiles  taken  during  periods  of  suppressed  and  Increased 
convection  over  Southeast  Asia  reveale  that  the  atmosphere  Is 
more  moist  during  Increased  convection  and  that  the  diurnal  varia¬ 
tion  of  humidity  Is  largest  during  suppressed  conditions.  Com¬ 
parisons  of  vertical  profiles  of  virtual  equivalent  potential 
temperature  (6ve)  taken  during  periods  of  suppressed  and  Increased 
convection  flhov  that  tne  dally  convective  Instability  la  strong 
during  suppressed  days  and  weak  during  days  of  Increased  convec¬ 
tion.  The  characteristic  differences  In  structure  as  shown  by 
<*ve  suggest  convection  is  controlled  by  the  synoptic  scale. 
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Introduction 


1 . 

Mean  aerological  soundlng.i  for  various  tropical  maritime 
regions  have  been  published  for  some  time,  c.f.  Colon  (1953)> 

Shlmada  (1962),  Hebert  and  Jordan  (1959),  and  Jordan  (1957  )- 
Without  exception  these  data  show  the  tropical  atmosphere  to 
be  conditionally  and  oonveetively  unstable  during  the  summer- 
fall  period.  A  similar  study,  Garstang,  et  al.  (1967),  revealed 
that  significant  day-to-day  variations  of  observed  thermodynamic 
properties,  under  both  disturbed  and  undisturbed  conditions,  vere 
confined  to  the  humidity  element.  Although  significant  differences 
in  humidity  were  observed  between  disturbed  and  undisturbed  weather 
conditions,  larger  intcrdiurnal  variations  occurred  during  undis¬ 
turbed  periods.  The  study  implied  that  the  observed  thermodynamic 
properties  did  not  adequately  portray  the  differences  in  atmos¬ 
pheric  structure  between  disturbed  and  undisturbed  weather  condi¬ 
tions.  The  authors  suggested  that  some  derived  variable,  ouch  as 
equivalent  potential  temperature,  which  combines  both  moisture 
and  temperature,  might  be  a  more  me'.ningful  parameter  for  portray¬ 
ing  differences  in  the  thermodynamic  structure  under  varying  weather 
conditions  than  temperature  or  moisture  alone.  In  contrast,  day- 
to-day  variations  In  both  temperature  and  moisture  are  observed  in 
temperate  latitudes  where  data  show  the  atmosphere  to  be  convec- 
tively  stable  in  winter  and  neutrally  or  weakly  convectively  un¬ 
stable  in  summer  (Hebert,  1966). 

Study  of  stability  concepts  used  in  forecasting  convective 
activity  in  temperate  latitudes,  c.f.  Miller  (1967).  reveals  that 
two  basic  requirements  are  paramount.  Horizontal  advection  of 
moisture  and  heat  must  be  such  that  the  convective  instability 
increases  beyond  some  critical  limit.  Once  the  atmosphere  has 
become  critically  unstable  a  triggering  mechanism  is  needed  to 
Initiate  convection. 

Many  fruitless  attempts  have  been  made  to  use  these  stabi¬ 
lity  concepts  in  forecasting  convective  activity  over  Southeast 
Asia.  Most  often  such  efforts  have  failed  because  they  consisted 
of  attempts  to  modify  stability  indices  developed  for  use  in  more 
temperate  latitudes.  Such  approaches  have  failed  to  take  into 
account  the  degree  of  convective  instability  inherent  in  the 
structure  of  the  tropical  atmosphere. 

The  purpose  of  this  report  is  to  present  the  mean  serologi¬ 
cal  data,  to  compare  them  with  data  from  other  tropical  regions, 
and  to  examine  the  suggestion  that  equivalent  potential  temperature 


more  reliably  portrays  day-to-day  variations  In  the  structure  of 
the  tropical  atmosphere  over  Southeast  Asia.  Finally,  DURRCotions 
as  to  why  earlier  approaches  to  forecasting  convective  activity 
over  Southeast  Asia  were  unsuccessful  will  be  offered. 


2 .  The  Mean  Aerologlcal  Data 

In  an  effort  to  determine  the  basic  structure  of  the  atmos¬ 
phere  over  Southeast  Asia,  data  for  Saigon  (10°l49'N  -  106°39'K) 
during  July  I966  and  I96T  and  for  Udorn  (17°22'H  -  lO2°l*0'E)  during 
July  I967  were  collected  and  processed.  Although  mean  aerologlcal 
data  for  one  or  two  years  may  not  be  representative  of  long  term 
means,  due  to  sample  size,  it  is  felt  that  the  lack  of  published 
data  for  tropical  continental  stations  makes  the  publication  of 
such  a  short  record  desirable. 


Processing  of  the  Data 


Data  used  to  prepare  the  mean  thermodynamic  soundings  were 
taken  from  several  sources;  however,  thermodynamic  charts  pre¬ 
pared  at  operating  locations  and  teletype  transmissions  formed  the 
principal  data  base.  When  not  othervrloe  available,  complete  ther¬ 
modynamic  diagrams  were  plotted  for  each  Saigon  sounding.  These 
soundings  were  visually  checked  for  thermal  consistency.  Dry-bulb 
temperature  values  which  appeared  abnormal  were  compared  with 
transmitted  data  and  synoptic  maps  and  were  checked  for  consis¬ 
tency  in  time.  Most  inconsistencies  were  due  either  to  trans¬ 
mission  or  plotting  errors  and  were  corrected.  Although  occasional 
dewpoint  temperature  values  were  suspect,  corrections  were  made  in 
only  those  values  which  were  found  to  be  reported  or  plotted  erro¬ 
neously  . 


Values  of  dry-bulb  and  dewpoint  temperatures  were  then 
extracted  at  50  mb  intervals  between  1000  and  100  mb.  Values  for 
geopotential  height  were  extracted  from  standard  reporting  levels. 

Udorn  data  for  the  period  1  to  15  July  1967  were  taken  pri¬ 
marily  from  teletype  reports  and  Environmental  Technical  Applica¬ 
tions  Center  (ETAC)  printouts,  whereas  data  for  the  period  16  to 
31  July  I967  were  taken  from  locally  prepared  thermodynamic  charts. 
Vhere  such  diagrams  were  not  available,  data  for  the  layer  between 
700  and  500  mb  were  plotted  on  thermodynamic  charts  so  that  values 
at  the  650,  600,  and  550  mb  levels  could  be  obtained.  Values  for 
dry-bulb  and  dewpoint  temperatures  were  then  extracted  for  these 
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and  mandatory  levels,  whereas  values  for  goopotential  height  were 
taken  only  from  mandatory  reporting  levels. 

These  data  wore  card-punched  and  programmed  to  obtain  mean 
values  for  thermodynamic  parameters  at  each  level. 

b .  Computation  of  Derived  Parameters 

In  addition  to  mean  values  for  geopotential  height  and  dry- 
bulb  and  dewpoint  temperatures,  mean  values  for  potential  tempera¬ 
ture  (e),  specific  humidity  (q),  virtual  potential  temperature 
(Q  )  and  virtual  no  -  ’  .  .lent  potential  temperature  (0  )  were  com- 

puted . 


(l )  Computational  equations 
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specific  humidity  mid  tempers  Lure ,  respectively,  nt  tlie  lifting 
condensation  level. 

UnleoB  otherwise  noted  herein,  only  vnluep  for  vnpor  prcnr.ure 
vith  respect  to  water  were  utilized  bromine  the  Claus ius - Clapeyr on 
approximation  for  the  ice  phase  yielded  n  weak,  first  order  discon¬ 
tinuity  in  the  shape  of  the  derived  profiles  where  the  change  from 
water  to  ice  phase  might  take  plane. 

(2 )  Computational  Procedure 

In  order  to  compute  values  of  the  virtual  equivalent  potential 
temperature,  Qg  and  Tp  wore  determined  through  ftri  iterative  process 
as  follows : 

(a)  Given  the  pressure,  dry-bulb  and  dewpoint  tem¬ 
peratures  at  a  level  (P^);  the  specific  humidity  (qi),  the  virtual 
temperature  (Ty^),  and  the  virtual  potential  temperature  (®v)  wc  *-e 
computed  from  equations  (b),  (c),  (d),  and  (e). 

(t>)  Holding  ©v  constant,  the  virtual  temperature 
(Ty)  and  saturation  specific  humidity  (qQ)  wore  computed  for 
pressure  decrements  of  100  mb  (i-lOOn)  until  at  some  level  (P  ) 
qs  <  q  using  “ 


Ty(i-100n)  =  ©y 


(i-lOOn ) 
1000 


q  (i-lOOn)  =  0.622e 
8  - 

f  t  J  * 


,  n  m  1,2,3,  ...,  where  e 


f i-lOOn )- 0 . 378ec 


was  computed  by  substituting  Tv(i-100n)  for  the  dewpoint  tempera¬ 
ture  in  eqn.  (1)  (c)  from  page  3. 

(c)  With  0  remaining  constant,  T  and  q  were 
v  v  c 

computed  for  pressure  increments  of  10  mb  (,)  +  lCn)  until  at  some 
level  (P  )  qs > q  using 
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T  ( J+lOn) 
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(j+JLOn ) 
1000 


qs(j+10n)  =  0.622c 
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(cl)  With  still  constant,  anti  q  were  computed 
as  above  for  pressure  decrements  of  1  mb  (k-ln)  until  at  none  level 
(Pc)  qo  <  q .  The  level,  P  ,  in  the  lifting  condensation  level  with¬ 
in  the  accuracy  of  1  mb.  The  virtual  temperature  (Ty)  at  this 
level  i s  taken  rg  the  condensation  temperature  (T  )  and  the  specific 
humidity  (q)  is  taken  as  the  specific  humidity  at  the  condensation 

level  (q  ). 

n 

(e)  Insertion  of  values  of  Tc  and  Q  ,  taken  at 
level  P  ,  into  equation  (1)  (f),  pa go  3,  yields  the8virtual  equi¬ 
valent  potential  temperature  for  the  initial  level  (P^). 

e •  DlPcuns ion  of  the  Pat a 

The  moan  T.hermodynanlc  soundings  for  Saigon  and  Udorn  (Figs. 

1  and  2,  reopoc t 1 vely )  portray  a  moist,  conditionally  and  convec- 
tively  unstable  atmosphere.  The  Udorn  sounding  (Fig,  2)  exhibits 
a  nearly  moist  adiabatic  temperature  lapse  rate  betvec-  700  and 
1*50  mb.  The  Saigon  sounding  (Fig-  1)  shows  a  larger  diurnal  varia¬ 
tion  in  the  dewpoint  temperature  than  in  the  dry-bulb  temperature 
at  all  levels.  Comparison  of  the  two  soundings  reveals  the  diurnal 
variation  of  the  dewpoint  temperature  is  larger  at  Saigon.  The 
larger  variation  in  moicture  at  Saigon  is  probably  a  reGult  of  the 
larger  diurnal  variation  of  convective  activity  in  that  area. 
Atkinson  (1967)  has  shown  that  Udorn  has  a  much  higher  frequency 
of  thunderstorms  during  July  than  Saigon,  whereas  Conover  (1968) 
showed  that  the  diurnal  variation  in  convection  at  Saigon  was 
larger  than  at  Udorn.  Difference;  in  geographical  location  and 
diurnal  variation  and  frequency  of  convective  activity  help  to 
explain  both  the  large  diurnal  variation  in  moisture  at  Saigon 
and  the  differences  in  diurnal  variation  of  moisture  between  the 
two  stations.  The  data  for  Saigon  is  summarized  in  Tables  la  and 
lb  for  OOOOZ  and  1200Z,  respectively. 

The  vertical  profiles  of  dry-bulb  temperature  for  Saigon 
depict  Figures  3a  (1966),  3b  (1967),  and  3c  (1966  and  1967 ) . 

These  figures  reveal  that  with  the  exception  of  the  lower  convec¬ 
tive  layer  and  the  upper  troposphere  only  minor  diurnal  variations 
occurred.  The  afternoon  warming  of  the  upper  troposphere  is  pro¬ 
bably  a  result  of  the  release  of  latent  heat  of  condensation  caused 
by  convection.  On  the  other  hand,  the  profiles  of  dewpoint  tempera¬ 
ture  (Figs,  ba ,  bb ,  and  be)  reveal  significant  diurnal  variations 
in  moisture,  particularly  during  1967.  A;  mentioned  above  these 
large  diurnal  variations  in  moisture  are  probably  a  result  of  the 
large  diurnal  variation  in  convection  over  the  Saigon  area. 
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Vertlcal  profile:!  of  specific  humidity  (Figs.  5a  through  c) 
show  the  atmosphere  to  be  moist  to  a  considerable  height  above 
the  surface.  The  profiles  show  there  is  a  diurnal  increase  in 
moisture,  af uin  probably  reflecting  increased  convective  activity 
during  the  afternoon  and  early  evening. 

The  vertical  distribution  of  virtual  equivalent  potential 
temperature  (Figs.  6a  through  c)  agrees  well  in  principle  with  the 
findings  of  Garstang,  et  al.  (1967).  The  profiles  show  the  atmos¬ 
phere  over  Saigon  to  be  convectively  unstable,  with  values  of 
decreasing  from  the  surface  to  a  minimum  near  6^0  mb  and  increas¬ 
ing  above  that  level.  As  found  by  Garstang,  et  al.  (1967),  the 
early  evening  soundings  show  higher  values  of  Gye  orobably  as  a 
consequence  of  diurnal  heating  in  the  lower  troposphere  and  the 
vertical  transport  of  moisture  into  the  middle  troposphere  due  to 
convection.  The  higher  values  of  shown  for  the  early  evening 

soundings  might  be  viewed  as  evidence  that  energy  is  routinely 
transported  vertically  upward  by  convective  activity.  In  contrast 
with  the  6  profile  for  Saigon  in  July  1967  (Fig.  6b),  the  Udorn 
profile  (Fig.  7)  portrays  more  convectively  stable  conditions 
between  700  and  U50  mb.  In  Figure  2,  this  layer  was  shown  to 
have  a  nearly  moist  adiabatic  temperature  lapse  rate.  Schacht. 
(19U6)  found  a  similar  lapse  rate  for  the  Caribbean  area. 

Although  not  6hown  in  the  mean  sounding  for  Udorn,  dewpoint 
temperatures  were  often  obtained  at  levels  above  250  mb.  To  be 
precise,  at  0000Z,  9  of  26  soundings  and  at  1200Z,  13  of  2b  sound¬ 
ings  depicted  moisture  at  100  mb  during  July  1967.  Available 
information  indicates  that  the  humidity  element  used  consisted 
Of  a  lithium  chloride  de vi ce- - vh i ch  compounds  suspicion  of  any 
moisture  measurements  at  these  levels.  However,  from  a  meteorolo¬ 
gical  viewpoint  the  accuracy  of  these  observations  is  of  secondary 
Importance.  More  significantly,  if  the  humidity  elements  were  in 
fact  operating,  most  of  the  measurements  may  be  viewed  as  evidence 
of  energy  being  vertically  transported  into  the  upper  troposphere. 
On  those  days  when  moisture  readings  were  obtained,  the  satellite 
photographs  showed  large  amounts  of  cirrus  anvils  caught  up  in 
the  strong  easterlies  found  at  and  above  the  200  mb  level  over 
that  area. 

d .  Comparison  of  the  Data 

Colon  (1953)  and  Ghimadr  (1962),  Hebert  and  Jordan  (1959), 
and  Jordan  (1957)  have  published  mean  serological  data  for  the 
western  Pacific,  Gulf  of  Mexico,  and  West  Indies  regions. 


ro  n  pt-  r>  t,  i  vp  )  y  .  Additionally,  unpiiblisned  data  for  port  Rlair  during 
July  1903  and  196*1  worn  taken  from  ITOE  sources  .  This  ntation 
was  selected  because  It  represents  a  maritime'  sounding  in  the 
same  currant  which  doninai.cn  Gnlgon.  Although  the  referenced 
studies  arc  for  maritime  tropical  region.-,  ,  a  comparison  of  their 
data  with  the  Saigon  and  ildorn  data  reveals  some  interesting  filmi- 
laritiec,  and  differences.  Each  of  there  authors  utilized  only 
nighttime  ,nta  owing  to  rndiationnl  problems.  The  Southeast  Asia 
and  Port  diair  data  were  obtained  for  the  most  part  during  daylight 
both  observational  times  will  therefore  be  used  in  the  comparison. 

In  Table  2  dry-bulb  temperature  data  for  Saigon  and  tldorn 
are  compared  with  the  data  for  other  tropical  regions.  The  data 
show  that.  Mon  is  warmer  at  all  levels  below  100  mb.  At  both 
Saigon  and  Udorn  100  mb  temperatures  are  lower  than  at  the  other 
tropical  locations  probably  indicating  a  higher  tropopnuse  over 
Southeast,  Asia. 

The  specific  humidity  data  shown  in  Table  3  reveal  that  the 
atmosphere  over  Southeast  Asia  Is  more  moist  above  the  subeloud 
layer  than  over  the  other  tropical  maritime  regions.  Further,  the 
data  shov  that  moisture  penetrates  to  a  greater  height  over  South¬ 
east  Asia.  Equivalent  potential  temperature  data,  Table  U,  show 
that  Udorn  and  Saigon,  in  that  order,  have  higher  values  at  every 
level  than  have  the  tropical  maritime  regions.  This  is  believed 
to  be  a  result  of  the  higher  frequency  and  intensity  of  convective 
activity  over  Southeast  Asia.  For  example,  during  July  Udorn  and 
Saigon  observe  17  and  9  thunderstorm  days,  respectively  (Atkinson, 
1967),  while  Barbados,  Guam,  and  Port  Blair  experience  S  or  less 
thunderstorm  days  (WMO,  1956). 


3 .  Virtual  Equivalent  Potential  Temperature  as  a  Measure  of  the 
Structure  of  the  Atmosphere  over  SEA 

Garstang,  et  al.  {1967),  have  fully  discussed  the  use  of  Oj. 
to  describe  the  structure  of  the  tropical  atmosphere.  From  a 
study  of  data  taken  in  the  Caribbean  they  concluded  that  the 
equivalent  potential  temperature  (9e  )  portrayed  differences  in 
.he  thermodynamic  structure  during  periods  of  suppressed  and 
increased  convection  bettor  than  did  observed  variables.  Further, 
the  observed  variations  in  the  vertical  distribution  of  ©j,  were 
not  due  simply  to  synoptic  scale  disturbances  but  were  also  due 
to  increased  convective  scale  activity  forming  within  synoptic 
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scale  disturbances.  These  convective  scale  disturbances  provided 
increased  upward  transport  of  energy.  Others  have  found  that  dis¬ 
turbed  conditions  are  accompanied  by  an  increase  in  the  amount  and 
depth  of  the  moisture. 

In  order  to  test  these  previous  findings  the  data  for  Saigon 
during  July  1966  were  analyzed.  Unlike  the  Caribbean,  separation 
of  disturbed  from  undisturbed  periods  over  the  Saigon  area  is  dif¬ 
ficult  because  convective  activity  occurs  almost  daily  over  most 
of  Southeast  Asia.  The  problem  is  not  one  of  separating  occurrence 
and  non-occurrence  of  convective  activity,  rather  it  becomes  one 
of  Isolating  periods  of  increased  or  suppressed  convective  activity. 
To  make  this  separation,  use  was  made  of  the  Radar  Index  data  pre¬ 
pared  by  Conover  (1968). 

The  Radar  Index  as  defined  by  Conover  applies  to  a  circle  of 
50  nautical  miles  radius,  centered  on  Tan  Son  Nhut,  located  at  the 
Saigon  airport.  Hourly  values  of  the  Radar  Index  were  obtained 
from  radar  reports  by  weighting  echoes  reported  within  the  circu¬ 
lar  area  according  to  whether  the  echoes  were  scattered,  broken, 
overcast,  or  cellular.  The  daily  averaged  Radar  Index  for  July 
I966  (Fig.  8)  indicates  that  12,  13,  19,  and  20  July  1966  were 
days  of  increased  convective  activity  while  3,  8,  23,  and  25  July 
1966  were  days  of  diminished  or  suppressed  convective  activity. 

These  days  were  selected  as  "bad"  and  "good"  days  and  mean  profiles 
of  thermodynamic  properties  were  prepared  for  comparisons. 

Although  the  value  of  statistical  tests  of  significance  on 
very  small  data  samples  is  at  best  debatable,  such  tests  do  provide 
a  reference  base  for  evaluating  differences  between  data  taken 
from  good  and  bad  days.  Accordingly  as  a  threshold  of  significance 
the  requirement  was  made  that  differences  between  values  for  good 
and  bad  days  must  be  larger  than  the  standard  deviations  for  either 
the  good  or  bad  days.  The  results  of  this  teGt  indicate  that  the 
dry-bulb,  dewpoint,  and  @ye  temperature  data  were  statistically 
significant  at  1200Z;  whereas,  only  the  dewpoint  and  eye  temperature 
for  the  700-550  mb  layer  were  statistically  significant  at  OOOOZ. 

Dry-bulb  temperature  profiles  (Figs.  9a  and  9b)  taken  at 
OOOOZ  and  1200Z,  respectively,  compare  good  and  bad  days.  The 
curves  show  that  bad  days  are  warmer  in  the  upper  troposphere  than 
good  days  during  the  afternoon.  Further  comparison  of  these  curves 
with  the  monthly  mean  profiles  (Fig.  3a)  reveals  that  at  1200Z  good 
dayB  are  cooler  than  the  mean  while  bad  days  are  wanner  than  the 
mean  in  the  layer  between  100  and  150  mb .  The  cooling  or  warming 
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in  the  upper  troposphere  1  r.  probably  a  result  of  the  absence  or 
presence  of  warming  due  to  condensation.  The  differences  in  the 
lowent  layer  at  1200Z  were  probably  due  to  a  variation  in  the 
amount  of  incoming  radiation  with  increased  or  decreased  c.loud 
cover . 


Vertical  profiles  of  dewpoint  temperature  (Figs.  10&  and  10b) 
taken  at  0000Z  and  1200Z,  respectively,  shov  significant  variation 
in  the  moisture  between  good  and  bad  days.  Bad  days  were  more 
moist  than  good  days,  particularly  at  0000Z,  which  again  probably 
indicated  that  increased  convection  acted  to  transport  moisture 
upward.  Comparison  of  the  morning  and  early  evening  soundings 
shows  the  diurnal  variation  of  moisture  was  largest  during  good 
days.  This  implies  the  presence  of  convection  daily  with  the 
diurnal  cycle,  though  suppressed,  being  dominant  on  good  days 
whll"  the  synoptic  scale  dominates  on  bad  days  with  convection 
spread  thoughout  the  day. 

Vertical  profiles  of  virtual  equivalent  potential  temperature 
(Figs.  11a  and  lib)  taken  at  0000Z  and  1200Z,  respectively,  show 
results  similar  to  those  obtained  by  Oarstang,  et  al.  (1967). 

These  profiles  show  that  good  dayB  were  more  convectively  unstable 
than  bad  days.  During  good  days  synoptic  scale  subsidence  probably 
dominated  the  area.  A  comparison  of  the  OOOOZ  and  1200Z  profiles 
for  good  days  reveals  that  radiant  energy  received  at  the  surface 
heated  the  lower  convective  layer  thereby  Increasing  ®ve  values 
there.  In  the  absence  of  significant  convection  the  moist  layer 
remained  shallow.  Values  in  the  layer  of  ©ye  minimum  showed  little 
variation.  The  result  was  an  increase  in  the  ©ve  minimum  near  650 
mb.  The  synoptic  scale  descent  served  to  prevent  the  release  of 
the  convective  instability  by  damping  vertical  motions  on  the  con¬ 
vective  scale . 

During  bad  days,  the  synoptic  scale  disturbances  formed  a 
basic  framework  within  which  the  convective  scale  could  then  become 
active.  As  shown  by  the  OOOOZ  and  1200Z  profiles  for  bad  days, 
the  resulting  convection  transported  energy  upward,  partially  eli¬ 
minating  the  layer  of  ©vo  minimum  as  energy  was  added  to  that  layer. 
Wi\;h  increased  convective  activity  the  diurnal  variation  in  the 
amount  of  radiant  energy  received  in  the  lower  layers  was  diminished. 
Resultantly,  the  gradient  of  9ye  or  the  convective  instability  was 

decreased  between  the  surface  and  the  layer  of  ©  minimum. 

J  ve 
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h .  Conclusion 

The  mean  data  reveal  that  during  July--and  probably  within 
the  summer  monsoon  seanon--a  basic  thermodynamic  state  of  convec¬ 
tive  instability  is  routine  over  Southeast  Asia.  That  this  insta¬ 
bility  is  great  enough  to  generate  convection  is  easily  verified 
by  the  daily  satellite  photographs  which  most  often  show  consider¬ 
able  convective  activity,  by  the  Radar  Index  which  indicates  the 
presence  of  significant  convective  activity  almost  daily,  and  by 
climatology  which  reflects  a  relatively  high  frequency  of  thunder¬ 
storms  over  Southeast  Asia. 

The  data  indicate  little  difference  between  the  vertical  dis¬ 
tribution  of  dry-bulb  temperature  under  various  synoptic  conditions; 
however,  both  the  amount  and  depth  of  moisture  varies  between  con¬ 
ditions  of  suppressed  and  increased  convection  with  days  of  increased 
convection  being  more  moist.  Days  of  suppressed  convection  show  a 
larger  diurnal  variation  of  moisture  probably  due  to  a  diurnal  con¬ 
vective  cycle. 

Vertical  profiles  of  9ye  permit  a  better  visual  assessment, 
of  convective  instability  than  observed  thermodynamic  properties. 

Both  9  and  dewpoint  temperature  profiles  show  characteristic 
differences  between  conditions  of  increased  and  suppressed  con¬ 
vection.  However,  9ye  profiles  permit  an  insight  into  the  physical 
processes,  acting  within  the  synoptic  and  convective  scales,  which 
cause  increased  or  suppressed  convection. 

The  lack  of  success  in  forecasting  convective  activity  using 
stability  indices,  the  apparently  negligible  role  of  quasi  hori¬ 
zontal  ndvectlve  processes,  and  the  routine  convectively  unstable 
structure  of  the  atmosphere  over  Southeast  Asia  during  July  indi¬ 
cate  that  a  thermodynamic  approach  to  forecasting  convective  acti¬ 
vity  is  invalid.  Vertical  profiles  of  9yp  suggest  that  the  role 
of  vertical  advective  processes  is  paramount  and  that  conditions 
of  increased  or  decreased  convection  are  synoptically  controlled. 

The  fact  that  on  good  days  the  atmosphere  has  a  strong  convectively 
unstable  structure  implies  absence  of  a  triggering  mechanism  and 
suppression  of  convection  through  synoptic  scale  subsidence.  The 
weak  convective  instability  characteristic  of  bad  days  implies  that 
the  convective  scale,  acting  within  a  synoptic  scale  framework,  is 
dominant.  The  evidence  indicates  that  convccticu  will  be  increased 
over  Southeast  Asia  when  a  synoptic  trigger  is  acting.  Convection 
will  be  suppressed  when  synoptic  scale  subsidence  acts  to  damp 
convection . 
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Figures  1  through  11 
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Table  lb.  Mean  serological  data  for  .Salmon  (40goO)  at  1200Z  during 
July  1966-1967. 


Saigon  odorn  ifeat  Pacific  Gulf  of  Mexico  V. Indies  Ft.  Blair 


w  ram  rl  ffi  o  ( — *  o  f~  m 

PI  -4  I^QHNI/vOiftrtNVOffiNIA® 
(-Uln4n«IHrl  ft  H  ft 


U\4  rt  H  ft  H  H  <M 

I  I  I  •  I  I  •  •  I  I 

W  ' *  V — '  twt  w  *w  w  W  W  W  * '  * V — •  '  V 

ir\vONHa)i^vOOfttOS^^O®w  trv 

N4WO?'«»'Oir'HftHO(M*U('lD  SO 

K-yj  IA4  W  N  rl  H  ft  ft  H  PI 

I  I  l  t  •  I  t  •  I  I 

irx  vO  PI  no  pj  co  N  ^  C\  tp  4  ft  vo  oo  yO  no  co  o  O 

to  t-  in  o  to4  tfftvo  rst  ft  trv  co  H  -4  p-  Ov  no  vo 

t —  vo  tp\  -4  to  nj  ft  ft  ft  r-t  h  h  oj  cst 

•  «!••**»*• 


PI  t-Ht\IN«t-(O0O4  LTV  .4  O  -4  VO  VO  -4  CO  PJ 

O  VO  IP  n  104  f-  H  VO  PI  ft  IPs  Ov  PI  uv  co  ft  novo 

t-MJ  1P4  ION  rt  H  ft  ft  ft  PJ  PI  PJ 

I  I  I  t  I  I  I  I  <  I 


foso  PI  IP  VO  SO  VO 

»  •  •  •  »  •  • 

p-  »—  no  o  O  up  »o 

PMl  IP4  O  H 

t  t  I  I  I  I  t 


iPOi*l-N'Ot-OOt-«OPNPO«SOO 

VO  oo  IPC0I04  f-  PJ  p  N  H  toco  H4  P-Ospivo 
pvO  IP4  ION  H  H  ft  -t  H  ft  PI  Pl 

I  •  I  O  •  •  I  I  I  I 


^  /*«  ^ 

«a 

O  o-t  W4 

O  VO 

in  crv 

ON 

ON 

a 

•  •  •  •  • 

• 

•  a 

»  • 

• 

• 

P 

f-VO  ro  ^  ^ 

-4 

o 

novo 

ON 

CO 

A 

J4 

vo  ir\  m  <v 

H 

H 

i 

« 

l  i  1  •  • 

1 

•  1 

♦> 

W»  «W»  •— »  'W'  *W^ 

>•» 

va 

a— a 

’W' 

** 

m 

CVJ  r-4  OJ  On  co 

O 

co  vo 

H  i/N 

Ov 

t- 

a  a  a  a  « 

• 

•  a 

•  a 

• 

• 

d 

■ 

0v  VO  H  CO  CO 

-n 

ro  O 

-4  t- 

o 

O 

* 

i 

t-  \£>  l/\  m  CVJ 

r*. 

OJ 

u 

d 

CP  _4  -4  to  no  Ov  PJ  03  O  r|SO  4  ®  0O\O  004  to 

t-l-roHrlN\0O'J3NHlP«H4hON4 
I-  VO  ip  4  no  pi  ft  ft  ft  ft  ft  Pi  PJ  PI 

I  I  I  I  •  I  I  I  • 

w  w - -  v-x  w  ' — •  ' — <  w  sf  1 —  w  w  vn  w  »-t  vn  v —  sn 

-4vOHVOt/SPJCOVOaOOOCs<OflftPJOO\ftft 

Oit-OOONPO  IPH  H  IP  OtN  IP®  04  t— 
t-to  IP4  to  N  rl  ft  ft  ft  ft  PJ  PJ  PJ 

I  I  «  I  I  I  I  t  •  •  I 


ft 

OOOOOOOOOOOOOOOOOOO  43 

oipoipotpopotpoipoipoipotpo  a 

rtrt(MNf0no44lPtP'0'0  M“««Ot(PO  f-< 

(qa)  sjnesajj 


Saigon  Odorn  W.  Pacific  Sulf 


It 

m 

•  <  Ui 

D  o 

M 

•  >  i 

4 ' 


•1  rl  H  .1  Jf  fh  Ih 

An  ir\  so  ^  -  rn  H 


M  --*  *  <  r\i  t  I  -  'o 

♦  IT'  '-I '  f  •  ni  fi\  h 


V 


Oi 

>H  O 

Tj  fl)j 

a  n 

M  M 

O 

• 

r« 


o 

<j  it 

"T  <  (rt 

X  Ti 

fl'  It 
>.  O 
»> 
V» 

o  ^ 
I  < 
4* 

.*» 

rn 


-t 


H 


H  oj  vr»  '  o  »»;  ^  OOmvo 

OJ  ^  H  i  UN  n  ao  h  miA 


O  IA  H  O)  h  O  t—  O  UN  VO  CJ  r- 
•■•»*•■•»•••# 
H  r4  (M  (\:  M  -1  lA  f-  00  o  Oi  IA  h 
H  H  H  H 


o 


n> 

M 


TJ 

«3 

H 

-»4 

& 

t* 


IA 

m 

ro 


o 

o 

On 

00 

-t 


Ss 

.1 

4A  w4 

0J 

-* 

*> 

• 

• 

•  • 

■ 

• 

Ti 

r-v 

o 

r-i 

m  K 

U 

Os 

TJ 

M 

r-i 

-* 

«r4 

O 

a 

o 

3 

O 

p 

a* 

t» 

ri 

d 

r*»* 

/**■*  r-^.  r“*.  r— » 

V 

OJ 

H 

CO  O  O  rnco 

ri 

▼< 

M 

• 

• 

• 

• 

Ci 

m 

o 

o 

H 

OJ  -*  IA  NO  h- 

0J 

*1 

H 

w 

*r— •• 

•W 

W  Sr  w  w  sr 

« 

*» 

t) 

Oi 

i/N 

i r\ 

-*  rn  _$■  t-  _* 

-* 

a 

« 

• 

• 

* 

*  »  •  •  • 

■ 

«j 

4> 

o 

o 

»— 4 

r*0  *9  WO  v£>  CD 

ro 

*> 

n 

H 

H 

c 

*4 

V 

o 

a 

P. 

/'*' 

r“* 

r— s. 

r“ v 

r-s 

o 

OJ 

<r> 

tN  OJ 

Oi  ri  H  Oi 

m  VsO 

0J 

On  On  CO 

m 

O 

• 

• 

« 

• 

• 

• 

• 

■ 

• 

• 

• 

+4 

▼4 

o 

o 

H 

OJ 

9  IA  lo  f-  CO 

H 

«i 

t- 

u 

H 

H 

r4 

« 

ffl 

V— T 

w 

N_- 

s— -  «W*  W  w  w 

»*•»» 

•w 

O.  4> 

a 

4 

ro 

ITS 

r-4 

ao 

h©  h  hCO  O  4 

rO 

AO  O 

r4 

m 

o 

•o 

• 

• 

• 

• 

• 

♦ 

• 

• 

• 

• 

o 

M 

0J 

m  i/\  v£>  ® 

Os 

o 

0J 

-* 

V0 

CO 

i—4 

*H 

ri 

ri 

ri 

l 

o 

o  o 

O 

o 

o 

o 

o 

o 

o  o 

o  o 

o 

o 

o 

o 

o  o 

;  • 

o 

IA  O 

VA 

o 

in 

O 

V A 

o 

IA  O 

IA  O 

IA 

o 

IA 

o 

IA  o 

1 

r4 

i-4  OJ 

OJ 

rn 

rr-' 

■9 

IA 

«A  VO 

vO  h- 

CO 

CO 

tr\ 

Ov  o 

(qn)  eaneBsad 


PRESSURE  (mtx) 


FIGURE  3a.  Mean  vertical  profiles  of  dry-bulb  temperature  for 
Saigon  during  July  1966. 
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FIGURE  3b.  Mean  vertical  profiles  of  dry-bulb  temperature  for 
Saigon  during  July  1967. 
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FIGURE  3c .  Mean  vertical  profiles  of  dry-bulb  temperature  for 
Saigon  during  July  1966-1967- 
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FIGURE  Ua .  Mein  vertical  profiles  of  dewpoint  temperature  for 
Saigon  during  July  1966. 
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FIGURE  4c. 


Mean  vertical  profiles  of  devpoint  temperature  for 
Saigon  during  July  1966-1967. 
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FIGlHiE  5a. 
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MEAN  SPECIFIC  HUMIDITY  (g/kg) 

SAIGON,  JULY  1966 

Mean  vertical  profiles  of  specific  humidity  for  Saigon 
durins  July  1966. 
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FIOURE  5b.  Mean  vertical  profiles  of  specific  humidity  for  Saigo 
during  July  1967 . 
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FIGURE  6a.  Mean  vertical  profiles  of  virtual  equivalent  potential 
temperature  for  Saigon  during  July  1966. 
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flOURE  6c.  Mean  vertical  profiles  of  virtual  equivalent  potential 
temperature  for  Saigon  during  July  1966-1967. 
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FIGURE  7-  Mean  vertical  profiles  of  virtual  equivalent  potential 
temperature  for  Udorn  during  July  1967. 
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FIGURE  9a •  Mean  vertical  profiles  of  dry-bulb  temperature  for 

Saigon  during  good  and  bad  days  for  OOOOZ,  July  1966. 
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FIGURE  11a.  Mean  vertical  profiles  of  virtual  equivalent  potential 
temperature  for  Saigon  during  good  and  bad  days  for 
OOOOZ,  July  1966. 
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FIGURE  Lib.  Mean  vertical  profiler  of  virtual  equivalent  potcnti.il 
temperature  for  Saigon  during  good  and  bad  days  for 
1?00Z,  July  1966. 
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Mean  aerological  data  for  Saigon  during  July  1966  and 

I967  and  for  Udorn  in  1967  are  presented  and  compared  with 
similar  data  for  tropical  maritime  regions.  The  comparison 
indicates  that  level  for  level  the  atmosphere  over  South¬ 
east  Asia  lias  greater  humidity  and  higher  static  energy. 
Comparison  of  dewpoint  profiles  taken  during  periods  of 
suppressed  and  increased  convection  over  Southeast  Asia 
reveals  that  the  atmosphere  is  more  moist  during  increased 
convection  and  that  the  diurnal  variation  of  humidity  is 
largest  during  suppressed  conditions.  Comparisons  of  ver¬ 
tical  profiles  of  virtual  equivalent  potential  temperature 
(*ve )  taken  during  periods  of  suppressed  and  increased 
convection  chow  that  the  daily  convective  instability  1b 
strong  during  suppressed  days  and  weak  during  days  of  In 
creased  convection.  The  characteristic  differences  in 
structure  e.s  shown  by,  Jbafc.  surgest  convection  is  controlled] 
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